INTRA-TEAM PSYCHOPHYSIOLOGICAL PATTERNS

Abstract
24
We explored implicit coordination mechanisms underlying the conceptual notion of "shared 25 mental models" (SMM) through physiological (i.e., breathing and heart rates) and affective-26 cognitive (i.e., arousal, pleasantness, attention, self-efficacy, other's efficacy) monitoring of two 27 professional jugglers performing a real-time interactive task of increasing difficulty. There were 28 two experimental conditions: "individual" (i.e., solo task) and "interactive" (i.e., two jugglers present study, we monitored the breathing and heart rate of two professional jugglers 68 participating in an interactive juggling task. Breathing and heart rate patterns have been found to 69 change as a function of increased workload in motor and cognitive tasks (Veltman & Gaillard, 70 1998). In particular, breathing rate is an indicator of motor coordination in various tasks (e.g., Similarly, heart rate has been associated with cognitive demands, including attentional control 73 and psychophysiological self-regulation, and the probability of experiencing optimal 74 performance in complex motor tasks (Bertollo et al., 2013) .
75
The study of implicit coordination has its roots in the theory of mind, particularly in its 76 mimicry mechanisms (Goldman, 2012) . Mimicry pertains to the synchronization of behavioral 77 and physiological responses. From a behavioral standpoint, there is evidence that individuals are 78 able to "mind-read," empathize, and ultimately mimic facial expressions reflecting a variety of 79 feelings, including physical or emotional pain (Singer et al., 2004) . From a physiological 
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Extant research in applied psychology has shown that myriad affective and cognitive 86 states influence team coordination and performance (Eccles & Tenenbaum, 2004) . Accordingly, 87 we also assessed the influence of arousal and pleasantness, attentional strategies, self-efficacy, task motivation and task difficulty, given that motivation and difficulty influence the probability 99 of peak performance experiences (i.e., flow-feeling theory; see Kimiecik & Jackson, 2002) .
100
In summary, the study of real-time interactive tasks is important to understand how team the jugglers' breathing and heart rate patterns would correlate throughout the interactive juggling 114 task.
115
Methods
116
Design
117
We conducted a case study based on a multimodal assessment through the acquisition of 118 objective psychophysiological and subjective self-report data. Our study was based on the 119 recently proposed "juggling paradigm", which purports that single studies in dyadic juggling 120 offer an epistemologically and methodologically valid platform to advance knowledge on the 121 coupling of peripheral (e.g., breathing and heart rate) and central mechanisms (e.g., hyperbrain 122 analysis) during interactive tasks (for a review see Filho et al., 2015a) . Specifically, Filho et al.
123
(2015a) noted that dyadic juggling makes clear that the locus of interest is the "team" rather than 124 the individual. Furthermore, social loafing is unlikely to occur in dyadic juggling as mistakes and 125 lack of effort can be easily and reliably identified. participants are highly unique and hard to recruit, such as in the case of highly skilled jugglers.
135
To this extent, it has long been noted that a well-designed nomothetic study targeting socio-136 cognitive processes should be based on an a priori power analysis based on a nested analysis of 137 variance in its compound structure at the individual and group-level of analysis (Cacioppo & 138 Berntson, 1992; Raudenbush & Bryk, 2002) . For the present study, this would require a large 139 and unrealistic number of skilled juggling dyads.
140
Participants
141
Prior to taking part in the study, the participants signed an informed consent sheet 142 approved by the authors institutional review board. We purposefully recruited two high-skilled 143 male members of a professional circus school in northeast Canada renowned for preparing 144 world-class performance artists. This sampling approach is consistent with the importance of 145 studying "information rich cases" in order to advance knowledge in expertise development 146 across human domains, including performing arts and sports (Williams & Ericsson, 2005) . 
Juggling Tasks
155
J1 was a specialist in juggling clubs, whereas J2 was a specialist in diabolo. For the 156 present study, both jugglers were asked to juggle balls in the "cascade juggling pattern," which 157 represents the most commonly used instrument (balls) and first-learned symmetric pattern
158
(cascade) in juggling (Dancey, 2003) . Both jugglers were experts in their respective specialties 159 but J1 had more experience than J2 in juggling with balls. Thus, it is important to note that the 160 juggling tasks were designed taking into account the jugglers' abilities. Specifically, the juggling 161 tasks were established after three peer debriefing meetings involving the jugglers and their 162 coaches, as well as two pilot tests, including one independent pilot test with two other jugglers.
163
The peer debriefing meetings, based on the notion of cognitive team task analysis (see 164 Klein, 2000), were used to design a reliable and challenging task able to capture skilled with each other. In both conditions, there were two task difficulties: "easy" and "hard".
184
The jugglers were given five minutes per condition (i.e., individual, interactive) for both 185 the easy and hard task. Based on the pilot trials, and in agreement with their practice habits and 186 performance demands (i.e., juggling acts in circus usually do not exceed five minutes), a five 187 minute trial was deemed appropriate to prevent feelings of fatigue. Therefore, for both conditions 188 and difficulty tasks, the participants were asked to juggle for 10 trials of 30s or for as many trials 189 as needed to complete the five minute time limit.
190
Individual condition. In the individual condition, the easy task consisted of juggling the jugglers needed to complete the 5min task in both conditions and the two levels of difficulty.
224
The chronometers were stopped every time a ball was dropped to determine the duration of each 225 trial.
226
Physiological recordings: Breathing and heart rate. We used two synchronized and then progressed to eight balls (hard task).
272
In both the individual and interactive conditions, the jugglers were given a minimum rest 273 period of five minutes between the easy and hard tasks to minimize fatigue. There was not a pre-274 established time limit for the rest intervals. Rather, the jugglers were able to decide when to 275 restart the task. This rationale was based on the contemporary notion that fatigue is ultimately 276 voluntarily regulated (see Marcora & Staiano, 2010) .
277
The researchers monitored data collection and kept the time for each condition 278 throughout the experimental protocol to assess how long, on average, the jugglers were able to 279 juggle without dropping any balls. Specifically, two researchers monitored the physiological 280 apparatus to ensure reliable data collection. Two other researchers collected the participants' 281 subjective self-report data for the easy and hard juggling tasks for both experimental conditions.
282
Specifically, arousal, pleasantness and attention data were collected prior to and after the easy The first step in our data analysis consisted of identifying the total number of trials 291 needed to complete the juggling tasks, as well as the jugglers' breathing and heart rate patterns 292 associated with each trial. We then averaged the data with respect to our factors of interest, 293 which consisted of the two conditions and two task difficulties.
294
Trial identification. The first and second author viewed the video recording of the study 295 to identify the total number of trials in each 5min task (easy and hard) for both conditions. A trial 296 started when the jugglers threw the first ball in the air and ended when a ball was dropped. We 297 only included trials longer than 10s in our final analysis to allow for reliable signal processing of 298 the physiological data. With psychophysiological data, the signal-to-noise-ratio is less reliable in 
314
Accordingly, we prepared our graphs to display information on level (means), variability (point-315 to-point series) and trend (i.e., changes over time) for both conditions.
316
We also computed effect sizes (ES), which are considered more appropriate than 317 hypothesis testing in single-case research (Kinugasa, 2013) . Specifically, we computed Cohen's 318 d effect size to assess whether jugglers' physiological response (i.e., breathing and heart rates) 
Results
327
First, we present information supporting our experimental manipulation. We then provide 328 visual and descriptive data exploring H1 and H2. In Tables 1 and 2, we for the easy task (scores ≤ 2) and high scores for the hard task (scores ≥ 8). In the interactive 338 condition, both jugglers reported low scores of difficulty for the easy task (scores = 1). The hard 339 task was perceived as slightly more difficult than the easy task by J1 (score = 2). J2 perceived the 340 hard task as more difficult than the easy task (score = 5). Thus, for both conditions, J1 and J2's 341 perceived assessment of task difficulty was higher for the hard task, with respect to the easy task.
342
J2 perceived the interactive hard task as more difficulty than J1 did, adding to the notion that J1 343 was the more skilled juggler. To verify the task difficulty levels and thus our experimental 
Individual Condition
372
Physiological recordings: Breathing and heart rate. Breathing and heart rates were 373 higher when performing the hard task for both jugglers (Figure 2) , attesting that the hard task 374 required greater physiological activation. J1's breathing rate, t(16) = 11.57, p = .01, and heart 375 rate, t(16) = 7.50, p = .01, were significantly higher for the hard task compared with J2 ( Figure   376 4). J1's breathing and heart rates were not significant for the easy task (r ES = .56, p = .10, n = 377 10) and strongly correlated for the hard task (r ES = .87, p = .01, n = 9). Similar to J1, J2's 378 breathing and heart rates were moderately correlated and not significant for the easy task (r ES =
379
.60, p = .07, n = 10) and strongly correlated for the hard task (r ES = .74, p = .02, n = 10). Thus,
380
there was a higher intra-physiological overlap between breathing rate and heart rate for both 381 jugglers in the hard task. were not correlated.
410
Easy task. When correlating J1 and J2's physiological responses for the easy task (see 411   Table 2 ), we found a strong effect for breathing rate (r ES = .73, p = .03) and heart rate (r ES =
412
.87, p = .01). The CIs for breathing rate and heart rate did not include zero or negative values, 413 thereby indicating that the correlation between J1 and J2's physiological responses did not occur 414 by chance, and is positive in nature. The CI for breathing rate was wide and thus a firm 415 conclusion on the "true effect" magnitude of this relationship is not warranted. The CI for heart 416 rate indicates that, when juggling together in an easy task, J1 and J2's heart beats were strongly 417 correlated.
418
Hard task. When correlating J1 and J2's breathing rates for the hard task, we observed a 
Discussion
437
We conducted a single-case experimental study aimed at addressing two hypotheses. task difficulties and effort demands. Third, the fact that the jugglers' breathing rates did not 501 correlate for the hard task suggests that, although related, breathing rate and heart rate may be 502 indicative of different physiological demands under pressure (i.e., varying degrees of task 503 complexity). Specifically, heart rate has been primarily linked to cognitive load (Veltman & 504 Gaillard, 1998), whereas breathing rate has been associated with motor coordination (Martin-
505
Harris, 2006). In the interactive/hard task, J2 faced difficulties coordinating his motor responses
506
(probably due to cognitive overload), forcing J1 to compensate for any potential mistake from J2. Therefore, in addition to establishing SMM, evidenced through the coordination of explicit and 508 implicit mechanisms, teammates may also need to develop complementary mental models to 509 achieve optimal performance (Filho et al., 2015a ).
510
It is noteworthy that J1 and J2 reported the same arousal levels in the interactive/easy 511 task, where a strong correlation of breathing and heart rate responses was observed. However, in 512 the interactive/hard task, J1 reported higher arousal levels than J2, likely because he needed to be 
520
Furthermore, J1's efficacy belief scores were higher than J2 for both the interactive/easy 521 and interactive/hard tasks, adding to the evidence that J1 was the more skilled ball juggler. 
Limitations and Future Research Avenues
530
Our study has limitations that we address to better orient future research in dyadic 531 coordination in sports, particularly studies using interactive research paradigms. First, 532 generalizability power is limited in case studies. Accordingly, future studies should focus on 533 small-n studies (i.e., multi-case studies) to allow for greater inter-subject validation (Noor, 534 2008). For instance, small-n rather than single-case studies would allow for controlling of 535 potential order and learning effects. 
Conclusions and Applied Implications
571
Our first hypothesis was only partially supported as one of the jugglers exhibited higher 572 psychophysiological activation during the individual hard task, rather than in the interactive hard 573 task, as we had predicted. Therefore, it remains to be determined whether the increase of 574 psychophysiological and affective-cognitive patterns of teammates in interactive motor tasks is 575 due to (1) group-level variability; e.g., the coordination effort needed to complete cooperative 576 tasks, in comparison with individually performed tasks; or (2) individual-level variability; e.g.,
577
skill level and personal experience in cooperative tasks. It is likely that both group-and 578 individual-level variability influences team coordination in interactive tasks (i.e., reciprocal 579 determinism, see Bandura, 1997) . As such, practitioners should focus on developing both 580 individuals' skills and team processes (e.g., cohesion, collective efficacy).
581
Our second hypothesis was supported as we showed that implicit coordination of 
